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1
METHODS AND APPARATUS TO
AUTOMATICALLY CALIBRATE
ELECTRONIC TRAILER BRAKE GAIN

FIELD OF THE DISCLOSURE

This disclosure relates generally to vehicles and, more
particularly, to automatically calibrating electronic trailer
brake gain.

BACKGROUND

In recent years, trailers to be pulled by consumer vehicles
have begun to implement electronic braking systems. Such
electronic braking systems allow for greater control of the
magnitude of braking force applied by the trailer brakes
through a trailer brake gain that is controlled by a user of the
vehicle. It is desirable for this gain to be adjusted to an
optimal level because a gain that is too high (i.e., the
magnitude of braking force applied by the trailer brakes is
too high) can affect control of the trailer, and a gain that is
too low (i.e., the magnitude of braking force applied by the
trailer brakes is too low) will require extra braking force
from the brakes of the vehicle, causing unnecessary wear on
the vehicle brakes.

SUMMARY

An apparatus for automatically calibrating electronic
trailer brake gain is disclosed herein. An example apparatus
includes a hitch force derivative calculator to calculate a
derivative of a hitch force of a trailer coupled to a vehicle,
a gain adjustment manager to adjust a gain value based upon
the derivative of the hitch force, and a brake pressure
applicator to apply a pressure to a brake of the trailer based
on the gain value.

Another example apparatus includes a trailer brake gain
calibrator programmed to modulate a trailer brake gain value
based upon a derivative of a trailer hitch force and apply a
pressure to a brake of a trailer based on the gain value.

An example method includes calculating a derivative of
hitch force, adjusting a gain value based upon the derivative
of the hitch force, and modulating a pressure applied to a
trailer brake based upon the gain value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example vehicle and an example
trailer coupled to the vehicle including a vehicle communi-
cation network and a trailer brake gain calibrator by which
the examples disclosed herein can be implemented.

FIG. 2 is a block diagram further detailing the vehicle
communication network and the trailer brake gain calibrator
of FIG. 1 by which the examples disclosed herein can be
implemented.

FIGS. 3-5 are flowcharts representative of example meth-
ods that may be performed using the trailer brake gain
calibrator of FIGS. 1 and/or 2 to calibrate a trailer brake gain
based on a trailer hitch force.

FIG. 6 is a block diagram of an example processing
platform structured to execute machine readable instructions
to implement the methods of FIGS. 3-5 and the example
trailer brake gain calibrator of FIGS. 1 and/or 2.

The figures are not to scale. Instead, the thickness of the
layers or regions may be enlarged in the drawings. In
general, the same reference numbers will be used throughout
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the drawing(s) and accompanying written description to
refer to the same or like parts.

DETAILED DESCRIPTION

Many modern vehicles and trailers implement electronic
braking systems. Such electronic braking systems allow for
greater control of the magnitude of braking force applied by
the trailer brakes through a trailer brake gain that is con-
trolled by a user of the vehicle. It is desirable for this gain
to be adjusted to an optimal level because too much trailer
braking force can affect control of the trailer, and too littler
trailer braking force will require extra braking force from the
brakes of the vehicle, causing unnecessary wear on the
vehicle brakes.

Conventional electronic trailer braking systems require a
user of the vehicle to manually calibrate (i.e., adjust) the
trailer brake gain to the optimal level. Adjusting the trailer
brake gain to the optimal level generally includes manually
determining the trailer brake gain value at which the trailer
brakes lock up (i.e., wheels of the trailer begin sliding on the
driving surface) and slightly decreasing the trailer brake gain
from this value.

This procedure requires a significant amount of time
investment by the user of the vehicle. It also requires a large,
empty space to complete the calibration and for the trailer
brakes to be locked up, applying unnecessary wear to the
trailer brakes and trailer tires. In addition, the trailer brake
gain would ideally be recalibrated any time the load in the
trailer changes or any time driving conditions (i.e., tempera-
ture, precipitation, driving surface condition, etc.) change.
However, this is an onerous task for the user of the vehicle
when the calibration is required to be completed manually.
As such, methods and apparatus to automatically adjust
trailer brake gain are needed.

Examples disclosed herein automatically calibrate (i.e.,
adjust) the trailer brake gain to an optimal value. More
specifically, the examples detect whether the trailer brake
gain needs to be calibrated and, in response to determining
the trailer brake gain does need to be calibrated, modulate
the trailer brake gain based upon a change in hitch force in
the longitudinal direction (i.e., the direction of travel of the
vehicle and the trailer) with respect to time (i.e., the deriva-
tive of hitch force in the longitudinal direction).

As will be set forth in greater detail below, the examples
disclosed herein provide a trailer brake gain calibrator to
automatically calibrate the trailer brake gain to an optimal
value.

In some examples, the trailer brake gain calibrator deter-
mines whether trailer brake gain calibration is necessary
based upon data from at least one of anti-lock brake data,
traction control data, vehicle stability control data, climate
data, gear shift data, hitch force data, vehicle speed data, or
key cycle data. For example, the trailer brake gain calibrator
can determine that trailer brake gain calibration is needed
based upon temperature data showing that the outdoor
temperature is below freezing (e.g., below 32 degrees Fahr-
enheit, 0 degrees Celsius, etc.). In another such example, the
trailer brake gain calibration can determine that trailer brake
gain calibration is needed based upon moisture data showing
that it is raining.

In response to determining that trailer brake gain calibra-
tion is needed, the trailer brake gain calibrator is further to
initialize the trailer brake calibration routine. The trailer
brake calibration routine, in some examples, includes apply-
ing a brake pressure to the electronic brakes of the trailer
coupled to the vehicle based on an initial trailer brake gain.
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The trailer brake gain calibrator is further to receive a hitch
force from a hitch force sensing system, the hitch forced
based upon at least a level of braking applied by the vehicle
braking system and the trailer braking system. In some
examples, the hitch force is further to be stored for later
retrieval.

Additionally, the trailer brake gain calibrator is further to
determine a derivative of the hitch force with respect to time
(e.g., dHf/dT). For example, dHf/dT can be determined by
calculating the difference between two hitch forces stored
for retrieval, wherein the two hitch forces occurred at
different times, and dividing the calculated difference
between hitch forces by the time difference between the two
hitch forces. In some examples, dHF/dT is further to be
stored for later retrieval.

Based upon the calculated value of dH{/dT, the trailer
brake gain calibrator is further to determine whether the
trailer brake gain is to be increased or decreased. In some
examples, the trailer brake gain calibrator is further to
determine whether the absolute value of dHf/dT increased
from a previous value of the absolute value of dHf/dT.

In response to determining the absolute value of dH{/dT
increased, the trailer brake gain calibrator is to increase the
trailer brake gain, modulate the force applied to the trailer
brakes based upon this gain, and repeat the calibration
routine. Alternatively, in response to determining the abso-
Iute value of dHf/dT decreased, the trailer brake gain cali-
brator is further to decrease the trailer brake gain, modulate
the force applied to the trailer brakes based upon this gain,
and determine that the trailer brake gain is properly cali-
brated.

As will be discussed in greater detail below in accordance
with the teachings of this disclosure, the trailer brake gain
calibrator can have various configurations that may depend
on a type of vehicle and/or trailer coupled to the vehicle. In
examples disclosed herein, these configurations can be
changed or altered to ensure the trailer brake gain calibrator
properly diagnoses the need for a trailer brake gain calibra-
tion and to calibrate the trailer gain value to a proper level.

Turning to FIG. 1, an example environment of use 100
includes a vehicle 102, the vehicle 102 capable of towing a
trailer 104. In the illustrated example, the trailer 104 is
coupled to the vehicle 102 by an example trailer hitch 105.
The trailer 104 and the contents thereof can be any weight
towable by the vehicle 102. For example, if the towing
capacity of the vehicle 102 is 10,000 1bs., the trailer 104 and
the contents thereof can be any weight less than or equal to
10,000 Ibs. (e.g., 9,000 Ibs., 3,000 1bs., etc.). Additionally,
the weight of the trailer 104 and the contents thereof can
vary with time. For example, if the vehicle 102 is used to
deliver goods, the weight of the trailer 104 and the contents
thereof may decrease after a delivery is complete.

The vehicle 102 further includes one or more wheels 106.
In the illustrated example of FIG. 1, the vehicle 102 has four
wheels 106. Additionally, one or more of the wheels 106
may include a brake system 107. In the illustrated example
of FIG. 1, each of the wheels 106 includes the brake system
107. In some examples, the brake systems 107 may include
drum and/or disc brakes. Additionally or alternatively, the
brake systems 107 may include any additional and/or dif-
ferent mechanisms capable of reducing the speed of the
vehicle 102.

Similar to the vehicle 102, the trailer 104 includes one or
more wheels 108. In the illustrated example of FIG. 1, the
trailer 104 includes two wheels 108. Additionally, one or
more of the wheels 108 may include a brake system 109. In
the illustrated example of FIG. 1, each of the wheels 108
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includes the brake system 109. The brake systems 109 may
include drum and/or disc brakes.

In some examples, a braking force applied by the braking
systems 109 may be electronically controlled. In such
examples, the braking force applied may be modulated
automatically by a processor or by a user of the vehicle 102.
Additionally or alternatively, a braking force applied by the
braking systems 109 may be pneumatically and/or hydrau-
lically controlled. In such examples, the braking force
applied is directly modulated by a loading applied to the
vehicle 102 by the trailer 104.

The example vehicle 102 further includes a vehicle com-
munication network 110 and a trailer brake gain calibrator
112, each of the vehicle communication network 110 and the
trailer brake gain calibrator 112 described in further detail in
conjunction with FIG. 2, to enable calibration of the trailer
brake gain.

The example vehicle 102 further includes an example user
notifier 114. In some examples, the user notifier 114 is
capable of alerting a user of the vehicle 102 to parameters
and/or data from at least one of the vehicle communication
network 110 or the trailer brake gain calibrator 112. The user
notifier 114 may be any device capable of providing a
notification to the user of the vehicle 102. For example, the
user notifier 114 may be a visual display capable of visually
displaying parameters and/or data. Additionally or alterna-
tively, the user notifier 114 may be an audio system capable
of audibly reciting parameters and/or data. In some
examples, the parameters and/or data distributed by the user
notifier 114 may include at least one of a trailer brake gain
calibration routine complete notification, a calibrated trailer
brake gain, a hitch force, etc.

FIG. 2 is a block diagram of an example implementation
200 of the example vehicle communication network 110 and
the example trailer brake gain calibrator 112 of FIG. 1. The
vehicle communication network 110 can, in some examples
such as the illustrated example of FIG. 2, include an example
drive assist system 202, an example electronic braking
system 204, an example motion sensing system 206, an
example climate sensing system 208, an example gear shift
sensing system 210, an example hitch force sensing system
212, an example key cycle sensor 214, and an example
component interface 216.

Additionally, in some examples such as the illustrated
example of FIG. 2, the trailer brake gain calibrator 112 can
include an example data interface 218, an example gain
calibration initializer 220, an example brake pressure appli-
cator 222, an example hitch force manager 224, an example
parameter storer 226, an example hitch force derivative
calculator 228, and an example gain adjustment manager
230.

Returning to the vehicle communication network 110, the
drive assist system 202, included in or otherwise imple-
mented by the vehicle communication network 110, is
capable of distributing data from at least one of an anti-lock
brake system, a traction control system, and a vehicle
stability control system implemented by the vehicle 102. In
some examples, the drive assist system 202 distributes data
including the rotational speed of one or more of the wheels
106 of FIG. 1. Additionally or alternatively, the drive assist
system 202 can distribute a notification when one or more of
the wheels 106 is/are skidding (e.g., locked up, not rotating,
etc.).

The example electronic braking system 204, included in
or otherwise implemented by the vehicle communication
network 110, is capable of distributing data related to the
wheels 108 and the braking systems 109 of the trailer 104.
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In some examples, the data distributed can include the
rotational speed of the wheels 108, a notification when one
or more of the wheels 108 is/are locked up (e.g., skidding,
not rotating, etc.), and/or a pressure applied by the braking
systems 109. Additionally or alternatively, the electronic
braking system 204 can distribute a notification that the
trailer 104 is coupled to the vehicle 102 when data for at
least one of the wheels 108 and/or the braking systems 109
is received.

The motion sensing system 206, included in or otherwise
implemented by the vehicle communication network 110, is
capable of determining and distributing one or more motion
parameters of the vehicle 102. In some examples, the motion
parameters can include at least one of the position, the
velocity, and/or the acceleration of the vehicle 102.

The climate sensing system 208, included in or otherwise
implemented by the vehicle communication network 110, is
capable of determining and distributing climate parameters
experienced by the vehicle 102. In some examples, the
climate parameters can include the exterior temperature
and/or the precipitation status (e.g., no precipitation, light
rain, heavy rain, light snow, etc.) at the location of the
vehicle 102. In some examples, the climate parameters may
be determined by sensors included in the vehicle 102.
Additionally or alternatively, the climate parameters may be
determined based upon GPS location data for the vehicle
102 and climate parameters known for the GPS determined
location.

The gear shift sensing system 210, included in or other-
wise implemented by the vehicle communication network
110, is capable of determining and distributing the gear
selection status of the vehicle 102. In some examples, the
gear selection status may include one of park, drive, reverse,
and/or neutral. Additionally, when the vehicle 102 is in
drive, the gear selection status may further include the drive
gear (e.g., first gear, second gear, fifth gear, etc.) of the
vehicle 102.

The hitch force sensing system 212, included in or oth-
erwise implemented by the vehicle communication network
110, is capable of determining and distributing a loading
(e.g., force and/or moment) at the trailer hitch 105. In some
examples, the loading at the trailer hitch 105 includes at least
one of a longitudinal hitch force (e.g., force in the direction
of travel of the vehicle 102 and the trailer 104), a vertical
hitch force (e.g., force perpendicular to a travel surface due
to gravitational loading based on the weight of the trailer
104), and a transverse hitch force (e.g., force perpendicular
to the direction of travel of the vehicle 102 and the trailer
104). Further, in the longitudinal direction, a positive lon-
gitudinal hitch force denotes the trailer 104 applying a load
to the vehicle 102. Conversely, a negative hitch force
denotes the vehicle 102 applying a load to the trailer 104.

The key cycle sensor 214, included in or otherwise
implemented by the vehicle communication network 110, is
capable of determining when the vehicle 102 is started (e.g.,
a key is used to start/cycle the vehicle 102) and distributing
a notification when the vehicle 102 is started.

The component interface 216, included in or otherwise
implemented by the vehicle communication network 110, is
capable of receiving data from at least one of the drive assist
system 202, the electronic braking system 204, the motion
sensing system 206, the climate sensing system 208, the gear
shift sensing system 210, the hitch force sensing system 212,
and the key cycle sensor 214. Additionally, the component
interface 216 may determine a time at which data was
received and append a timestamp to the data based upon the
reception time. The component interface 216 is additionally
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capable of distributing data to the trailer brake gain calibra-
tor 112 and/or receiving data from the trailer brake gain
calibrator 112.

The data interface 218, included in or otherwise imple-
mented by the trailer brake gain calibrator 112, is capable of
receiving data from and/or distributing data to the compo-
nent interface 216 included in the vehicle communication
network 110. The data interface 218 is further capable of
distributing received data to at least one of the gain calibra-
tion initializer 220, the hitch force manager 224, and/or the
gain adjustment manager 230. For example, the data inter-
face 218 may distribute data from the climate sensing
system 208 (e.g., temperature data, precipitation data, etc.)
to the gain calibration initializer 220, data from the hitch
force sensing system 212 to the hitch force manager 224,
and/or data from the motion sensing system 206 to the gain
adjustment manager 230.

The gain calibration initializer 220, included in or other-
wise implemented by the trailer brake gain calibrator 112, is
capable of determining whether it is desired to calibrate a
trailer brake gain value. For example, the gain calibration
initializer 220 may determine it is desired to calibrate the
trailer brake only if the trailer 104 is coupled to the vehicle
102 as determined by the electronic braking system 204, the
velocity of the vehicle is within a threshold (e.g., greater
than 1 mile per hour and less than 30 miles per hour) as
determined by the motion sensing system 206, and the
vehicle 102 is in drive as determined by the gear shift
sensing system 210.

In some examples, the gain calibration initializer 220 may
further determine it is desired to calibrate the trailer brain
gain value based upon an input from a user of the vehicle
102. Additionally or alternatively, the gain calibration ini-
tializer 220 may determine it is desired to calibrate the trailer
brake gain value based upon data (e.g., parameters) received
from the vehicle communication network 110. In some
examples, it is desired to calibrate the trailer brake gain
value when there is a change in one of the parameters
received from the vehicle communication network 110.

For example, it may be desired to calibrate the trailer
brake gain value when at least one of the drive assist system
202 engages, when the electronic braking system 204 dis-
tributes a notification that the one or more of the wheels 108
locked up, when the climate sensing system distributes a
notification a climate has changed (e.g., it started raining,
temperature dropped below freezing (e.g., below 32 degrees
Fahrenheit), etc.), when the hitch force sensing system 212
detects a longitudinal hitch force above a threshold, and/or
when the key cycle sensor 214 distributes a notification that
the vehicle 102 was started.

The gain calibration initializer 220, in response to deter-
mining it is desired to calibrate the trailer brake gain value,
is further to determine an initial value of trailer brake gain
to distribute to the brake pressure applicator 222. In some
examples, the gain calibration initializer 220 may determine
an initial trailer brake gain value based upon a previously
calibrated trailer brake gain value. Additionally or alterna-
tively, the gain calibration initializer 220 may select a
nominal value for the initial trailer brake gain value. For
example, the gain calibration initializer 220 may select a
midpoint of the full range of possible trailer brake gains
(e.g., a gain value of 5 on a range of 1 to 9).

The brake pressure applicator 222, included in or other-
wise implemented by the trailer brake gain calibrator 112, is
capable of applying a braking pressure to the braking
systems 109 based upon a received gain. In some examples,
the brake pressure applicator 222 may receive an initial
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trailer brake gain from the gain calibration initializer 220.
Additionally or alternatively, the brake pressure applicator
222 may receive a trailer brake gain from the gain adjust-
ment manager 230. In some examples, the trailer brake gain
received from the gain adjustment manager 230 may be a
calibrated trailer brake gain.

In some examples, the brake pressure applicator 222 may
determine the braking pressure to apply directly based upon
the received trailer brake gain. Additionally or alternatively,
the brake pressure applicator 222 may utilize additional
equations and/or parameters in addition to the received
trailer rake gain to determine the braking pressure to apply.
Further, upon application of the braking pressure, the brake
pressure applicator 222 is to notify the hitch force manager
224 of the applied braking pressure.

The hitch force manager 224 is included in or otherwise
implemented by the trailer brake gain calibrator 112. In
response to receiving a notification from the brake pressure
applicator 222 that the braking pressure was applied, the
hitch force manager 224 is to request the longitudinal hitch
force (e.g., a hitch force) and a timestamp associated with
the hitch force from the data interface 218. In response to
receiving the hitch force and associated timestamp from the
data interface 218, the hitch force manager 230 is to dis-
tribute the hitch force and timestamp to the parameter storer
226 and to request a hitch force occurring at a prior time
(e.g., a previous hitch force) and an associated timestamp
from the parameter storer 226. Upon receiving the previous
hitch force and associated timestamp from the parameter
storer 226, the hitch force manager 224 is further to distrib-
ute each of the hitch force and associated timestamp in
addition to the previous hitch force and the associated
timestamp to the hitch force derivative calculator 228.

The parameter storer 226, included in or otherwise imple-
mented by the trailer brake gain calibrator 112, is capable of
storing at least one of hitch forces, timestamps of hitch
forces, derivatives of hitch forces with respect to time,
second derivatives of hitch forces with respect to time,
and/or trailer brake gain values. The parameter storer 226
may be implemented by a volatile memory (e.g., a Synchro-
nous Dynamic Random Access Memory (SDRAM),
Dynamic Random Access Memory (DRAM), RAMBUS
Dynamic Random Access Memory (RDRAM), etc.) and/or
a non-volatile memory (e.g., flash memory). The parameter
storer 226 may additionally or alternatively be implemented
by one or more double data rate (DDR) memories, such as
DDR, DDR2, DDR3, mobile DDR (mDDR), etc. The
parameter storer 226 may additionally or alternatively be
implemented by one or more mass storage devices such as
hard disk drive(s), compact disk drive(s), digital versatile
disk drive(s), etc. While in the illustrated example the
parameter storer 226 is illustrated as a single database, the
parameter storer 226 may be implemented by any number
and/or type(s) of databases. Further, the parameter storer 226
may be located in the vehicle 102 or at a central location
outside of the vehicle 102. Furthermore, the data stored in
the parameter storer 226 may be in any data format such as,
for example, binary data, comma delimited data, tab delim-
ited data, structured query language (SQL) structures, etc.

The hitch force derivative calculator 228, included in or
otherwise implemented by the trailer brake gain calibrator
112, is capable of calculating a time-based derivative of
longitudinal hitch force, the longitudinal hitch force calcu-
lated for the trailer hitch 105 that couples the vehicle 102 to
the trailer 104. In some examples, the time-based derivative
of longitudinal hitch force is calculated based upon the hitch
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force and associated timestamp in addition to the previous
hitch force and associated timestamp received from the hitch
force manager 224.

Further, in some such examples, the hitch force derivative
calculator 228 is to calculate the time-based derivative of
hitch force by calculating the difference between the
received hitch force and the received previous hitch force
and dividing this difference by the time difference (e.g., a
period of time) between the respective timestamps associ-
ated with the hitch forces. In some examples, the hitch force
derivative calculator 228 may additionally or alternatively
calculate an average derivative of hitch force by averaging
two or more derivative of hitch force values.

Additionally or alternatively, the hitch force derivative
calculator 228 may be further to calculate a second deriva-
tive of hitch force (e.g., the change in the derivative of hitch
force with respect to time) utilizing two calculated deriva-
tives of hitch force. Additionally or alternatively, the hitch
force derivative calculator 228 may calculate the absolute
value (e.g., a magnitude of the value) of the derivative of
hitch force. Additionally, the hitch force derivative calcula-
tor 228 is further to distribute calculated values (e.g., the
derivative of hitch force, the second derivative of hitch
force, the average derivative of hitch force, absolute value of
the derivative of hitch force, etc.) to at least one of the
parameter storer 226 and the gain adjustment manager 230.

The gain adjustment manager 230, included in or other-
wise implemented by the trailer brake gain calibrator 112, is
capable of utilizing calculated values received from the hitch
force derivative calculator 228 to adjust (e.g., modulate) the
trailer brake gain. Additionally, the gain adjustment manager
230 is further capable of determining if the status of the
vehicle 102 is such that it remains appropriate to modulate
the trailer brake gain. In some examples, determining the
appropriateness to modulate the trailer brake gain further
includes at least one of, based on data received from the data
interface 218, determining whether the vehicle 102 is in
drive based upon data from the gear shift sensing system 210
and whether the velocity of the vehicle 102 is within a
threshold (e.g., the vehicle 102 is traveling faster than 5
miles per hour and less than 25 miles per hour) based on data
from the motion sensing system 206.

In response to determining it appropriate to continue
calibrating the trailer brake gain, the gain adjustment man-
ager 230 is further to determine whether the absolute value
of the derivative of hitch force received from the hitch force
derivative calculator 228 increased or decreased from a
previously recorded value, the previously recorded value
retrieved from the parameter storer 226.

In response to the absolute value of the derivative of hitch
force increasing, the gain adjustment manager 230 is further
to increase the trailer brake gain value. In some examples,
the trailer brake gain value is increased based upon the value
of the increase of the absolute value of the derivative of hitch
force. Additionally or alternatively, the trailer brake gain
value is increased by a static value. Conversely, in response
to the absolute value of the derivative of hitch force decreas-
ing, the gain adjustment manager 230 is further to decrease
the trailer brake gain value and set the decreased trailer
brake gain value as the calibrated trailer brake gain value. In
some examples, the trailer brake gain value is decreased
based upon the value of the decrease of the absolute value
of the derivative of hitch force. Additionally or alternatively,
the trailer brake gain value is decreased by a static value.

In some examples, the second derivative of hitch force
may be used to modulate the trailer brake gain. In such
examples, the gain adjustment manager 230 is to increase
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the trailer brake gain when the second derivative of hitch
force is positive and decrease the trailer brake gain value
when the second derivative of hitch force is negative.

In response to calculating the modulated trailer brake gain
value, the gain adjustment manager 230 is further to dis-
tribute the modulated trailer brake gain value in addition to
a status notification (e.g., the modulated trailer brake gain
value is a calibrated trailer brake gain value or the modulated
trailer brake gain value requires additional calibration (e.g.,
modulation)) to the brake pressure applicator 222. Addition-
ally, in response to determining the trailer brake gain is
calibrated, the gain adjustment manager 230 is further to
distribute the calibrated gain and a gain calibrated notifica-
tion to the user notifier 114.

While an example manner of implementing the trailer
brake gain calibrator 112 of FIG. 1 is illustrated in FIG. 2,
one or more of the elements, processes and/or devices
illustrated in FIG. 2 may be combined, divided, re-arranged,
omitted, eliminated and/or implemented in any other way.
Further, the example data interface 218, the example gain
calibration initializer 220, the example brake pressure appli-
cator 222, the example hitch force manager 224, the
example hitch force derivative calculator 228, the example
gain adjustment manager 230, and/or, more generally, the
example trailer brake gain calibrator 112 of FIG. 2 may be
implemented by hardware, software, firmware and/or any
combination of hardware, software and/or firmware. Thus,
for example, any of the example data interface 218, the
example gain calibration initializer 220, the example brake
pressure applicator 222, the example hitch force manager
224, the example hitch force derivative calculator 228, the
example gain adjustment manager 230, and/or, more gen-
erally, the example trailer brake gain calibrator 112 could be
implemented by one or more analog or digital circuit(s),
logic circuits, programmable processor(s), programmable
controller(s), graphics processing unit(s) (GPU(s)), digital
signal processor(s) (DSP(s)), application specific integrated
circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s))
and/or field programmable logic device(s) (FPLD(s)). When
reading any of the apparatus or system claims of this patent
to cover a purely software and/or firmware implementation,
at least one of the example data interface 218, the example
gain calibration initializer 220, the example brake pressure
applicator 222, the example hitch force manager 224, the
example hitch force derivative calculator 228, and/or the
example gain adjustment manager 230 is/are hereby
expressly defined to include a non-transitory computer read-
able storage device or storage disk such as a memory, a
digital versatile disk (DVD), a compact disk (CD), a Blu-ray
disk, etc. including the software and/or firmware. Further
still, the example trailer brake gain calibrator 112 of FIG. 2
may include one or more elements, processes and/or devices
in addition to, or instead of, those illustrated in FIG. 2,
and/or may include more than one of any or all of the
illustrated elements, processes and devices. As used herein,
the phrase “in communication,” including variations thereof,
encompasses direct communication and/or indirect commu-
nication through one or more intermediary components, and
does not require direct physical (e.g., wired) communication
and/or constant communication, but rather additionally
includes selective communication at periodic intervals,
scheduled intervals, aperiodic intervals, and/or one-time
events.

Flowcharts representative of example methods for imple-
menting the trailer brake gain calibrator 112 of FIG. 2 are
shown in FIGS. 3-5. In these examples, the method(s) may
be implemented using machine readable instructions com-

10

15

20

25

30

35

40

45

50

55

60

65

10

prising a program for execution by a processor such as the
processor 612 shown in the example processor platform 600
discussed below in connection with FIG. 6. The program
may be embodied in software stored on a non-transitory
computer readable storage medium such as a CD-ROM, a
floppy disk, a hard drive, a DVD, a Blu-ray disk, or a
memory associated with the processor 612, but the entire
program and/or parts thereof could alternatively be executed
by a device other than the processor 612 and/or embodied in
firmware or dedicated hardware. Further, although the
example program is described with reference to the flow-
charts illustrated in FIGS. 3-5, many other methods of
implementing the example trailer brake gain calibrator 112
may alternatively be used. For example, the order of execu-
tion of the blocks may be changed, and/or some of the blocks
described may be changed, eliminated, or combined. Addi-
tionally or alternatively, any or all of the blocks may be
implemented by one or more hardware circuits (e.g., discrete
and/or integrated analog and/or digital circuitry, an FPGA,
an ASIC, a comparator, an operational-amplifier (op-amp), a
logic circuit, etc.) structured to perform the corresponding
operation without executing software or firmware.

As mentioned above, the example processes of FIGS. 3-5
may be implemented using executable instructions (e.g.,
computer and/or machine readable instructions) stored on a
non-transitory computer and/or machine readable medium
such as a hard disk drive, a flash memory, a read-only
memory, a compact disk, a digital versatile disk, a cache, a
random-access memory and/or any other storage device or
storage disk in which information is stored for any duration
(e.g., for extended time periods, permanently, for brief
instances, for temporarily buffering, and/or for caching of
the information). As used herein, the term non-transitory
computer readable medium is expressly defined to include
any type of computer readable storage device and/or storage
disk and to exclude propagating signals and to exclude
transmission media.

“Including” and “comprising” (and all forms and tenses
thereof) are used herein to be open ended terms. Thus,
whenever a claim employs any form of “include” or “com-
prise” (e.g., comprises, includes, comprising, including,
having, etc.) as a preamble or within a claim recitation of
any kind, it is to be understood that additional elements,
terms, etc. may be present without falling outside the scope
of the corresponding claim or recitation. As used herein,
when the phrase “at least” is used as the transition term in,
for example, a preamble of a claim, it is open-ended in the
same manner as the term “comprising” and “including” are
open ended. The term “and/or” when used, for example, in
a form such as A, B, and/or C refers to any combination or
subset of A, B, C such as (1) A alone, (2) B alone, (3) C
alone, (4) A with B, (5) A with C, and (6) B with C.

The example method 300 of FIG. 3 begins at block 302.
At block 302, the example data interface 218 receives
vehicle status information from at least one of the example
drive assist system 202, the example electronic braking
system 204, the example motion sensing system 206, the
example climate sensing system 208, the example gear shift
sensing system 210, the example hitch force sensing system
212, and/or the example key cycle sensor 214 via the
example component interface 216.

At block 304, the example gain calibration initializer 220
utilizes the vehicle status information received at block 602
to determine whether the status of the vehicle 102 and/or the
trailer 104 coupled to the vehicle 102 has changed. In
response to determining the status of at least one of the
vehicle 102 and/or the trailer 104 has changed, processing



US 10,703,345 B2

11

proceeds to block 306. Alternatively, in response to deter-
mining the status of both the vehicle 102 and the trailer 104
has not changed, processing proceeds to block 308.

At block 306, the gain calibration initializer 220 deter-
mines if the trailer 104 is attached to the vehicle 102. In
some examples, the gain calibration initializer 220 makes
this determination based upon a notification received from
the electronic braking system 204, included in the vehicle
communication network 110. In response to determining the
trailer 104 is attached (e.g., coupled) to the vehicle 102,
processing proceeds to block 310. Alternatively, in response
to determining the trailer 104 is not attached to the vehicle
102, processing proceeds to block 308.

At block 308, the gain adjustment manager 230 deter-
mines the trailer brake gain is not to be adjusted and the
trailer brake gain is to remain equal to a previously deter-
mined/calibrated trailer brake gain. Upon completion of
block 308, processing returns to block 302.

At block 310, described in further detail in conjunction
with FIG. 4, in response to determining the status of the
vehicle 102 has changed and that the trailer 104 is attached
to the vehicle 102, the trailer brake gain calibrator 112 is to
determine a calibrated value of trailer brake gain based upon
hitch force values received from the vehicle communication
network 110. Additionally, in some examples, the trailer
brake gain calibrator 112 may determine that the trailer
brake gain calibration could not be completed.

At block 312, the gain adjustment manager 230 deter-
mines if the trailer brake gain calibration of block 310 was
completed. In response to determining the trailer brake gain
calibration of block 310 was completed, processing pro-
ceeds to block 314 where the gain adjustment manager 230
is further to set the determined trailer brake gain value as the
calibrated trailer brake gain value. Alternatively, in response
to determining the trailer brake gain calibration of block 310
was not completed, processing proceeds to block 308.

At block 316, the gain calibration initializer 220 deter-
mines if it is desired to recalibrate the trailer brake gain. In
response to determining it is desired to recalibrate the trailer
brake gain, processing returns to block 302 of the example
method 300 of FIG. 3. Alternatively, in response to deter-
mining that it is not desired to recalibrate the trailer brake
gain, the example method 300 of FIG. 3 ends.

An example method that may be executed to calibrate the
trailer brake gain value (FIG. 3, block 310) is illustrated in
FIG. 4. With reference to the preceding figures and associ-
ated descriptions, the example method of FIG. 4 begins
execution at block 402 at which the gain calibration initial-
izer 220 sets the trailer brake gain to an initial value. In some
examples, the initial gain value is based upon a previously
calibrated gain value. Additionally or alternatively, the ini-
tial gain value is an average of two or more previously
calibrated gain values. Additionally or alternatively, the
initial gain value is a midpoint of the possible range of gain
values (i.e., the initial gain is 3 if the possible range is 1 to
5).

At block 404, the gain calibration initializer 220 deter-
mines if the vehicle 102 is in drive based upon vehicle status
information received at the data interface 218 from the
vehicle communication network 110. In response to deter-
mining that the vehicle 102 is in drive, processing transfers
to block 406. Alternatively, in response to determining that
the vehicle 102 is not in drive, processing transfers to block
416.

At block 406, in response to determining the vehicle 102
is in drive, the gain calibration initializer 220 is further to
determine if the vehicle 102 is traveling at a speed less than
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or equal to a speed threshold (e.g., 25 miles per hour, 45
kilometers per hour, etc.) based upon vehicle status infor-
mation received at the data interface 218 from the vehicle
communication network 110. In response to determining
that the speed of the vehicle 102 is less than or equal to the
threshold, processing transfers to block 408. Alternatively,
in response to determining that the speed of the vehicle 102
is greater than the threshold, processing transfers to block
416.

At block 408, described in further detail in conjunction
with FIG. 5, in response to determining that the vehicle 102
is in drive and the speed of the vehicle 102 is less than a
threshold, the trailer brake gain calibrator 112 is to deter-
mine the derivative of hitch force (e.g., dHf/dT).

At block 410, utilizing the absolute value of dHf/dT
calculated at block 408, the gain adjustment manager 230 is
further to determine whether the absolute value of dHf/dT
increased (e.g., determine if the second derivative of hitch
force is positive or negative). In response to the absolute
value of dH{/dT increasing or remaining substantially iden-
tical (i.e., equal within a tolerance), processing transfers to
block 412. Alternatively, in response to the absolute value of
dHf/dT decreasing, processing transfers to block 414.

At block 412, in response to the absolute value of dHf/dT
increasing or remaining identical within a tolerance, the gain
adjustment manager 230 is further to increase the trailer
brake gain from its previous value. In some examples, the
amount the trailer brake gain value is increased is based
upon the absolute value of dHf/dT. Additionally or alterna-
tively, the amount the trailer brake gain value is increased is
a constant value. Upon completion of the modulation of the
trailer brake gain value, processing transfers to block 404
where, in response to the vehicle 102 being in drive and the
speed of the vehicle 102 being less than or equal to the
threshold, the method of block 312 iterates through each of
block 408 and block 410.

At block 414, in response to the absolute value of dHf/dT
decreasing, the gain adjustment manager 230 is further to
decrease the trailer brake gain from its previous value. In
some examples, the amount the trailer brake gain value is
decreased is based upon the absolute value of dHf/dT.
Additionally or alternatively, the amount the trailer brake
gain value is decreased is a constant value.

At block 416, in response to determining the vehicle 102
is not in drive at block 404 and/or in response to determining
the speed of the vehicle 102 is not within a threshold at block
406, the gain adjustment manager 230 is to determine the
trailer brake gain is not to be modulated (e.g., adjusted).
Upon completion of at least one of the block 414 and the
block 416, processing returns to block 312 of the example
method 300 of FIG. 3.

An example method that may be executed to modulate the
trailer brake gain (FIG. 4, block 408) is illustrated in FIG. 5.
With reference to the preceding figures and associated
descriptions, the example method of FIG. 5 begins execution
at block 502 at which the brake pressure applicator 222
applies a pressure to the braking systems 109 based upon a
received trailer brake gain value. In some examples, the
trailer brake gain value is an initial trailer brake gain value
received from the gain calibration initializer 220 (set at
block 402 of FIG. 4). Additionally or alternatively, the trailer
brake gain value is a calculated trailer brake gain value
received from the gain adjustment manager 230 (set at one
of block 412 or block 414 of FIG. 4).

At block 504, in response to the pressure having been
applied to the braking systems 109 at block 502, the hitch
force manager 224 is to retrieve a hitch force from the data
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interface 218, wherein the data interface 218 received the
hitch force from the electronic braking system 204 included
in the vehicle communication network 110. The hitch force
manager 224 is also to receive a timestamp associated with
the hitch force.

At block 506, the hitch force manager 224 is further to
retrieve a hitch force from the parameter storer 226, wherein
said hitch force occurred prior to the hitch force retrieved at
block 504. In some examples, the hitch force retrieved from
the parameter storer 226 occurred in a previous iteration of
the trailer brake gain modulation algorithm (FIG. 4, block
406).

At block 508, the hitch force derivative calculator 228 is
to calculate dH{/dT based upon the two hitch forces received
from the hitch force manager 224. In some examples,
dHf/dT is calculated by dividing the force difference
between the two hitch forces by the difference in time
between the timestamps associated with the two hitch
forces.

At block 510, the hitch force derivative calculator 228 is
further to calculate the absolute value (e.g., the magnitude)
of dHf/dT based upon the value of dHf/dT calculated at
block 508. Upon completion of block 510, processing
returns to block 410 of the example method 312 of FIG. 4.

FIG. 6 is a block diagram of an example processor
platform 600 capable of executing instructions to implement
the methods of FIGS. 3-5 to implement the apparatus of F1G.
2. The processor platform 600 can be, for example, a server,
a personal computer, a workstation, a self-learning machine
(e.g., a neural network), a mobile device (e.g., a cell phone,
a smart phone, a tablet such as an iPad™), a personal digital
assistant (PDA), an Internet appliance, a DVD player, a CD
player, a digital video recorder, a Blu-ray player, a gaming
console, a personal video recorder, or any other type of
computing device.

The processor platform 600 of the illustrated example
includes a processor 612. The processor 612 of the illus-
trated example is hardware. For example, the processor 612
can be implemented by one or more integrated circuits, logic
circuits, microprocessors, GPUs, DSPs, or controllers from
any desired family or manufacturer. The hardware processor
may be a semiconductor based (e.g., silicon based) device.
In this example, the processor implements the example data
interface 218, the example gain calibration initializer 220,
the example brake pressure applicator 222, the example
hitch force manager 224, the example hitch force derivative
calculator 228, and the example gain adjustment manager
230.

The processor 612 of the illustrated example includes a
local memory 613 (e.g., a cache). The processor 612 of the
illustrated example is in communication with a main
memory including a volatile memory 614 and a non-volatile
memory 616 via a bus 618. The volatile memory 614 may
be implemented by Synchronous Dynamic Random Access
Memory (SDRAM), Dynamic Random Access Memory
(DRAM), RAMBUS® Dynamic Random Access Memory
(RDRAM®) and/or any other type of random access
memory device. The non-volatile memory 616 may be
implemented by flash memory and/or any other desired type
of memory device. Access to the main memory 614, 616 is
controlled by a memory controller.

The processor platform 600 of the illustrated example also
includes an interface circuit 620. The interface circuit 620
may be implemented by any type of interface standard, such
as an Ethernet interface, a universal serial bus (USB), a
Bluetooth® interface, a near field communication (NFC)
interface, and/or a PCI express interface.
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In the illustrated example, one or more input devices 622
are connected to the interface circuit 620. The input device
(s) 622 permit(s) a user to enter data and/or commands into
the processor 612. The input device(s) can be implemented
by, for example, an audio sensor, a microphone, a camera
(still or video), a keyboard, a button, a mouse, a touchscreen,
a track-pad, a trackball, isopoint and/or a voice recognition
system.

One or more output devices 624 are also connected to the
interface circuit 620 of the illustrated example. The output
devices 624 can be implemented, for example, by display
devices (e.g., a light emitting diode (LED), an organic light
emitting diode (OLED), a liquid crystal display (LCD), a
cathode ray tube display (CRT), an in-place switching (IPS)
display, a touchscreen, etc.), a tactile output device, a printer
and/or speaker. The interface circuit 620 of the illustrated
example, thus, typically includes a graphics driver card, a
graphics driver chip and/or a graphics driver processor.

The interface circuit 620 of the illustrated example also
includes a communication device such as a transmitter, a
receiver, a transceiver, a modem, a residential gateway, a
wireless access point, and/or a network interface to facilitate
exchange of data with external machines (e.g., computing
devices of any kind) via a network 626. The communication
can be via, for example, an Ethernet connection, a digital
subscriber line (DSL) connection, a telephone line connec-
tion, a coaxial cable system, a satellite system, a line-of-site
wireless system, a cellular telephone system, etc.

The processor platform 600 of the illustrated example also
includes one or more mass storage devices 628 for storing
software and/or data. Examples of such mass storage devices
628 include floppy disk drives, hard drive disks, compact
disk drives, Blu-ray disk drives, redundant array of inde-
pendent disks (RAID) systems, and digital versatile disk
(DVD) drives. In the illustrated example of FIG. 6, the one
or more mass storage devices 628 is further to implement the
parameter storer 226.

The machine executable instructions 632 to implement
the methods of FIGS. 3-5 may be stored in the mass storage
device 628, in the volatile memory 614, in the non-volatile
memory 616, and/or on a removable non-transitory com-
puter readable storage medium such as a CD or DVD.

From the foregoing, it will be appreciated that example
methods, apparatus and articles of manufacture have been
disclosed that automatically calibrate a trailer brake gain to
be used to apply a pressure to brakes of a trailer unit.
Automatically calibrating this value decreases the time a
user of the vehicle must spend calibrating the trailer brake
gain in addition to ensuring that the trailer brake gain value
is consistently set to a proper value.

Although certain example methods, apparatus and articles
of manufacture have been disclosed herein, the scope of
coverage of this patent is not limited thereto. On the con-
trary, this patent covers all methods, apparatus and articles
of manufacture fairly falling within the scope of the claims
of this patent.

What is claimed is:

1. An apparatus comprising:

a hitch force derivative calculator to calculate a derivative
of a hitch force of a trailer coupled to a vehicle;

a gain adjustment manager to adjust a gain value based
upon the derivative of the hitch force;

a brake pressure applicator to apply a pressure to a brake
of the trailer based on the gain value; a data interface
to receive status information of the vehicle, the status
information including at least one of anti-lock brake
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data, traction control data, vehicle stability control data,
moisture data, temperature data, hitch force data, or key
cycle data; and

a gain calibration initializer to initialize adjustment of the
gain value based upon the status information of the
vehicle.

2. The apparatus of claim 1, wherein the gain adjustment
manager is further to increase the gain value when an
absolute value of the derivative of the hitch force increases
and decrease the gain value when the absolute value of the
derivative of the hitch force decreases.

3. The apparatus of claim 2, wherein the gain adjustment
manager is further to set the gain value as a calibrated gain
value when the gain value decreases.

4. The apparatus of claim 3, wherein the gain adjustment
manager is further to distribute a gain calibrated notification
and the calibrated gain value to a user notifier when the gain
value is set as the calibrated gain value.

5. The apparatus of claim 1, further including a parameter
storer to store at least one of the hitch force, the derivative
of the hitch force, or the gain value.

6. The apparatus of claim 5, wherein the derivative of the
hitch force is calculated utilizing a first hitch force received
from a hitch force manager and a second hitch force
retrieved from the parameter storer, wherein the second
hitch force occurred prior to the first hitch force.

7. An apparatus comprising:

a trailer brake gain calibrator programmed to modulate a
trailer brake gain value based upon a derivative of a
trailer hitch force and apply a pressure to a brake of a
trailer based on the gain value; and initialize a gain
calibration routine based on status information of a
vehicle including at least one of anti-lock brake data,
traction control data, vehicle stability control data,
moisture data, temperature data, hitch force data, or key
cycle data.

8. The apparatus of claim 7, wherein the trailer brake gain
calibrator is further programmed to increase the gain value
when an absolute value of the derivative of the trailer hitch
force increases and decrease the gain value when the abso-
lute value of the derivative of the trailer hitch force
decreases.
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9. The apparatus of claim 8, wherein the trailer brake gain
calibrator is further programmed to set the gain value as a
calibrated gain value when the gain value decreases.

10. The apparatus of claim 9, wherein the trailer brake
gain calibrator is further programmed to distribute a gain
calibrated notification and the calibrated gain value to a user
when the calibrated gain value is set.

11. The apparatus of claim 7, wherein the trailer brake
gain calibrator is further programmed to store at least one of
the trailer hitch force, the derivative of the hitch force, or the
gain value.

12. The apparatus of claim 7, wherein the derivative of the
hitch force is calculated utilizing a first hitch force and a
second hitch force, wherein the second hitch force occurred
a period of time before the first hitch force.

13. A method comprising:

calculating a derivative of a hitch force;

adjusting a gain value based upon the derivative of the

hitch force;

modulating a pressure applied to a trailer brake based

upon the gain value; and initializing a gain calibration
routine based upon status information of a vehicle,
wherein the status information of the vehicle further
includes at least one of anti-lock brake data, traction
control data, vehicle stability control data, moisture
data, temperature data, hitch force data, or key cycle
data.

14. The method of claim 13, further including increasing
the gain value in response to an absolute value of the
derivative of the hitch force increasing and decreasing the
gain value in response to the absolute value of the derivative
of the hitch force decreasing.

15. The method of claim 14, further including setting the
gain value as a calibrated gain value in response to the gain
value decreasing.

16. The method of claim 13, further including storing at
least one of the hitch force, the derivative of the hitch force,
or the gain value.

17. The method of claim 13, wherein calculating the
derivative of the hitch force further includes utilizing a first
hitch force and a second hitch force, wherein the second
hitch force occurred prior to the first hitch force.
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